Past discoveries usually become aggrandized in retrospect, especially at jubilee celebrations, and the double helix is no exception. The historical record reveals a muted response by the scientific community to the proposal of this structure in 1953. Indeed, it was only when the outlines appeared of a mechanism for DNA's involvement in protein synthesis that the biochemical community began to take a serious interest in the structure. T o recall the year 1953 is to visit -and for some of us to revisit -another world, when Nature did not use the abbreviation DNA for deoxyribonucleic acid. In June that year, Elizabeth II, Queen of the United Kingdom, was crowned amidst much pomp and ceremony. In March, British scientists prepared to construct an atomic power station by the Calder River. Two months later, Mount Everest was conquered. At the University of London my biochemistry teacher enthused about Frederick Sanger's success in the first sequencing of the units of a protein, insulin. But deoxyribonucleic acid (DNA) was not even mentioned. Yet in 1953 Nature published seven papers on the structure and function of DNA [2] [3] [4] [5] [6] [7] [8] , but only one national British newspaper -the News Chroniclereferred to the double helix 9 (see facsimile below).
Reception to the double helix
Fifty years on it is hard to believe the double helix had such a lukewarm reception. But turn to Nature and to Science in the 1950s and what do we find? Figure 1 records the number of papers in Nature reporting on any aspects of DNA, and of these the number that mention the Watson-Crick model or cite any of the 1953 papers on DNA structure. Through the decade Nature's volumes increased in size, and in 1960 the number of volumes published per year was doubled. This increase was accompanied by an increase in the number of papers on some aspect of DNA, but references to the double helix did not increase. The pattern of citation in Science is similar. At the time the structure of DNA was discovered, there was already a considerable ongoing programme presented to show how it might carry out the essential operation required of a genetic material, that of exact self-duplication." 5 With these words Watson and Crick claimed their priority on a mechanism for DNA replication, but admitted there were problems with their scheme: how do the chains unwind and separate "without everything getting tangled"
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? What is the exact mechanism by which gene duplication occurs? How does the genetic material "exert a highly specific influence on the cell" 12 when the sequence of bases assumed to encode the specificity is on the inside of the helical molecule?
The 'unwinding problem' dominated much of the early discussions that followed the discovery of the DNA structure. In 1953, Watson and Crick admitted it was "formidable" 12 , but support for their structure came in 1958, when Matthew Meselson and Franklin Stahl proved the semi-conservative nature of DNA replication 13 : each of the two new daughter DNA molecules formed during DNA replication consists of one strand from the original parent molecule and a new strand synthesized from the parent strand, which served as a template. This confirmed Watson and Crick's theoretical prediction from the structure that replication would proceed in a semi-conservative manner. Later that same year, Arthur Kornberg announced the partial purification of an enzyme that catalyses DNA synthesis later called DNA polymerase 14 . This first linked enzymology to the double helix, for not long thereafter Kornberg provided biochemical evidence that DNA polymerase synthesizes new strands from opposite directions of the two chains of the molecule 15 . In 1957, Crick defined biological 'information' as the sequence of the bases in the nucleic acids and of the amino acids in proteins, and proposed the now famous 'central dogma' according to which information so defined flows between the nucleic acids and proteins only in one direction -from the former to the latter 16 . Just four years later, Marshall Nirenberg and Heinrich Matthaei successfully synthesized a polypeptide constituted of only one kind of amino acid (phenylalanine) using an RNA composed only of one kind of base (uracil). They concluded that "one or more [of these RNA bases] appear to be the code for phenylalanine." 17 Meanwhile, Crick, Sydney Brenner and Leslie Barnett had been using genetic analysis to investigate mutagenesis. This led them to the important concept of a form of mutation in which there is a 'frame shift' in the sequence of the bases in DNA, from which they went on to infer that the genetic message is composed of single or multiple triplets of bases, and that the message is read starting at a fixed point and proceeds always in the same From a muted reception in 1953 to accelerating momentum towards the end of the decade, one is tempted to infer that the DNA double helix was not taken seriously until a mechanism for its involvement in protein synthesis began to take shape. There was, to be sure, a small band of scientists who from the start either built their careers upon the implications of the structure (such as Meselson and Alexander Rich) or redirected their research to follow it up (including Seymour Benzer and Sydney Brenner). However, many scientists, notably Erwin Chargaff and Alexander Dounce, did not refer to the structure in their scientific papers in the mid-fifties, even though it was clearly relevant and presumably known to them. Such omissions suggest that some biochemists had their own agendas, and the double helix was not at first seen as an aid to their work.
Biochemists debate protein synthesis
Biochemists' reservations about the double helix stemmed in part from the fact that evidential support for it in 1953 was far from strong. Watson and Crick themselves admitted that it "could in no sense be considered proved", although it was "most promising" 19 . In part the biochemists' coolness owed much to the debates among them over the mechanism of protein synthesis. The paper by Peter Campbell and Thomas Work, published in Nature on 6 June 1953, portrayed this debate vividly. They identified two contrasting theories under discussion on how proteins are made: first, the peptide theory (also known as the multienzyme theory), where proteins are made by "stepwise coupling of many small peptide units"; and second, the template theory, involving "synthesis on templates, each template being specific for a single protein structure and probably identifiable as a gene." 20 The peptide model was, for a very long time, supported by many prominent biochemists, including Joseph Fruton. The conviction behind it was the power of enzymes to both synthesize and break down their substrates, with a high degree of specificity attributed to both actions. Synthesis was proposed to involve the formation of a succession of peptides, ultimately yielding the protein molecule, and enzymes synthesize only those peptide bonds that they also hydrolyse. But the problem with this theory was that, except for a very few special cases, the alleged peptides constituting the intermediaries in protein synthesis could neither be detected in the cell nor incorporated into the protein being synthesized. Amino acids, however, could be incorporated, indicating they were the building blocks of proteins.
The second model of protein synthesis, which assumed synthesis on a template, had been advocated by Dounce in 1952. He pictured polypeptide chains being laid down on RNA molecules, and the RNA sequence determining the sequence of amino acids incorporated (on a one-to-one basis). Thus, DNA in the nucleus would control the order of bases in the RNA 21 . After weighing up the merits and difficulties of Dounce's scheme, Campbell and Work voiced their distaste for the genetic control of protein synthesis, remarking in 1953 that: "...the gene is essentially an abstract idea and it may be a mistake to try to clothe this idea in a coat of nucleic acid or protein... if we must have a gene it should have a negative rather than a positive function so far as protein synthesis is concerned." 20 Only three years later, however, Robert Sinsheimer concluded a lecture at the California Institute of Technology with the following words: "The gene, once a formal abstraction, has begun to condense, to assume form and structure and defined activity." species to another, yet the ratio between the quantities of the two purine bases, adenine and thymine, and that between the quantities of the two pyrimidine bases, guanine and cytosine, remains about the same, namely one to one. 
Box 1
Time line of the discovery of the structure of DNA cautious and were followed by a discussion of the role of RNA on which, he noted, there have been "stimulating speculations about the role of nucleic acids as 'templates' in protein synthesis." 22 Earlier in the book he devoted a paragraph to the double helix, describing it as an 'ingenious speculation' . The only diagram was of the base pair adenine-guanine, rather than the helical model of the structure.
Kornberg had shown in 1957 that DNA replication follows the rules of base pairing, whereby DNA polymerase adds a base to the newly synthesized strand that is complementary to the opposing base in the template strand (A is always opposite T, and C always opposite G). But his interest in the subject had not been stimulated by Watson and Crick's discovery. Rather, in 1953 he was preoccupied with how coenzymes (non-protein compounds needed for enzyme activity) are synthesized from nucleotides. He was led to wonder how DNA and RNA might be made from thousands of nucleotides. "The significance of the double helix," he recalled, "did not intrude" into his work until 1956, after he had shown that a "moderately purified fraction" of what he was later to call DNA polymerase "appeared to increase the size of a DNA chain." 23, 24 
Conclusion
The two once enigmatic processes -DNA replication and protein synthesis -intersected ongoing research programmes in the physical, organic and biological chemistry of the early 1950s. After the discovery of the double helix, those grappling with the problem of replication found its molecular foundation in the structure of DNA, although it took more than two decades to deduce the intricate mechanism of its operation in the cell (see article in this issue by Alberts, page 431). Those working on protein synthesis found the source of its specificity lay in the base sequence of DNA.
But why celebrate this one discovery? Why not celebrate the golden jubilee of Max Perutz's solution to the 'phase problem' for proteins in 1953, without which the subsequent discovery of the structure of myoglobin and haemoglobin would not have been possible? What about the year 2005 for celebrating the golden jubilee of Sanger's determination of the complete amino-acid sequence of a protein? Undoubtedly, the double helix has remarkable iconic value that has contributed significantly to its public visibility, something that has not been achieved by any of the protein structures (see article in this issue by Kemp, page 416). There is, too, a degree of notoriety attaching to the manner of its discovery and the characters involved that has given spice to the story, as widely publicized by James Watson's account of the discovery in The Double Helix, published in 1968 (ref. 25) , and Brenda Maddox's recent illuminating biography of Rosalind Franklin 26 . But there is a centrality about DNA that relates to the centrality of heredity in general biology.
The silver and golden jubilees of the Queen's accession to the throne have come and gone, nuclear power stations are no longer being built in the United Kingdom, and mountaineer after mountaineer has ascended Mount Everest without a fanfare of press reports. But DNA is very much in the news -whether it be as a tool for studying evolution, a forensic test for rape, a source of genetic information or a path to designer drugs. And what better emblem or mascot is there for molecular biology than the double helix, and its spartan yet elegant representation in the original paper 2 
